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COMMENT

Reduction of Wavenumbers of Pure Rotational and Vibration–Rotational
Transitions of LiH in the Electronic State X 1S/

In a previous paper (1) we illustrated a discussion of adiabatic and rotational transitions (10–12) in the previous data set (1) were augmented
with more precise and extensive recent measurements (2, 3) , and the vibra-nonadiabatic effects in vibrational–rotational spectra of diatomic molecules

with an analysis of spectral data of LiH in the electronic ground state tion–rotational transitions (12) in the previous data were supplemented by
a few further transitions (13) that are not duplicated. Some pure rotationalX 1S/ ; the data comprised published frequencies and wavenumbers of pure

rotational and vibration–rotational transitions. Since publication of that transitions were hence duplicated from independent measurements in three
sets (2, 3, 12) ; we adopted this procedure because these measurements didpaper, errors in listed parameters and deficiencies in the discussion have

been discovered; thus we present corrected tables here and explain those not provide in one single set the complete range over available variations
of rotational and vibrational quantum numbers and of isotopic species.corrections. During the same period further experiments yielded measure-

ments of pure rotational transitions of increased range and precision (2, 3) , Rather than the inconsistent masses previously used (1) in error, atomic
and extended theoretical analysis (4, 5) provided insight into adiabatic and masses in the present analysis are those reported in 1993 (14) , which for
nonadiabatic effects applicable to this species of LiH. 6Li and 7Li differ significantly from earlier values.

The theoretical background is presented in detail elsewhere (6) . The According to the procedure previously described (1) , these data were
parameters in the accompanying tables are introduced implicitly or explic- fitted to differences between energy terms according to Eq. [2] to yield
itly within two relations for discrete molecular energies Ẽ

£J ( in units of the parameters in the first column of Table 1. By means of analytic relations
wavenumber) within a particular electronic state, or the vibration–rotational for both cj , in terms of Ykl (6, 15) , and their estimated standard errors dcj ,
terms. In the equation (6) propagated (16) from errors of the principal Ukl , these values, also presented

in Table 1, were generated within the same extended program. The same
data were fitted with the program Radiatom (6) implicitly to Eq. [1] butEH £J Å ∑

kÅ0

∑
lÅ0

(Ykl / Z r,Li
kl / Z r,H

kl / Z v,Li
kl / Z v,H

kl )
directly to parameters in pertinent radial functions to yield the values in
Table 2; during this fit tLi

0 and tH
0 were constrained to values consistent

with their relations to the known electric dipolar moment and rotational g1 S£ / 1
2D

k

[J(J / 1)] l ,

[1]

factor, as explained previously (1) , but no other parameter was constrained
to a finite value. In particular, we omitted parameters for nonadiabatic
vibrational effects sLi,H

0 previously constrained (1) implicitly to values ap-the superscripts to Z denote the following: Li or H denotes the contribution
propriate for an assumed dipolar moment; subsequent work (4) demon-of the specified atomic center, v denotes the vibration–rotational contribu-
strated this assumption to be invalid. By means of analytic expressions fortions of individual nuclei, and r denotes their additional rotational contribu-
Ykl and various Zkl in terms of radial coefficients (6) , the program Radiatomtions; term coefficients Ykl and various Zkl contain within them the radial
generated primarily values of cj , tj , and uj , and secondarily values of Uklcoefficients cj , sj , tj , and uj of Li and H as explained elsewhere (6) ;
and DLi,H

kl , presented in the last column of Table 1.dependence of Ẽ
£J , Ykl , and all Zkl on isotopic species is suppressed. In the

As a result of the direct fit to Eq. [2] , 8 parameters Ukl , 3 DLi
kl , and 9equation

DH
kl —in total 20 fitted parameters—plus 16 further, constrained parameters

Ukl sufficed to reproduce 594 measurements with a normalized standard
deviation ŝ Å 1.09. Through Eq. [1] the fit required only 18 adjustedEH £J Å ∑

kÅ0

∑
lÅ0

Uklm
0(1/2)k0l
i S£ / 1

2D
k

parameters—U0,1 , U1,0 , c j with 1 £ j £ 6, tLi
1 , uLi

1 , uLi
2 , tH

1 , tH
2 , and uH

j

with 1 £ j £ 5—plus two constrained parameters tLi
0 and tH

0 , with ŝ Å
1 [J(J / 1)] l[1 / me (DLi

kl /Ma / DH
kl /Mb)] ,

[2]

1.12. Comparison between columns of Table 1 indicates satisfactory agree-
ment of values from the two approaches within specified standard errors;
minor differences are expected because fitting models are inequivalent, butcoefficients Ukl and DLi,H

kl are assumed to be independent of nuclear mass,
the nature of the models precluded the use of exactly equivalent sets ofas all dependence on mass is taken into account through the individual
parameters that could be significantly evaluated. The normalized standardatomic masses MLi and MH and the molecular reduced mass mi (7) . After
deviations of the two fits differ immaterially. An advantage of Eq. [2] isEq. [2] was applied empirically (7) , other authors (8, 9) emphasized in
its almost linear model, but its disadvantage is that its parameters (adjustedits usage the necessity for Ukl to be constrained so that (for instance) Ukl

and constrained) are numerous and have no intrinsic physical meaning. Anwith l ú 1 are functions of Uk ,0 and Uk ,1 . The conventional method for
advantage of Eq. [1] is that its parameters have minimum number andimposing such constraints involves, implicitly or explicitly, application of
maximum chemical and physical significance (defining radial functionsa function for potential energy. Then fitting wavenumbers of spectral transi-
within the concept of separate electronic and nuclear motions) , whereas itstions to Eq. [2] becomes almost a problem of linear regression in suitable
disadvantage is the nonlinear nature of the model, which requires an iterativevariables to yield the independent parameters Ukl , l Å 0 and 1, and
process and initial values of parameters.DLi,H

kl , requiring no initial values of these parameters (1) . In contrast, fitting
Previous discussion (1) of truncation of Eq. [2] was based on an incor-the same spectral data through Eq. [1] to various radial coefficients involves

rectly interpreted theoretical basis of this equation (8) . If correctionsnonlinear regression, an iterative process that requires initial estimates of
Y (2)

kl (or U (2)
kl ) are absorbed in parameters DLi,H

kl , as previously explainedparameters.
(8) , there exists a direct correspondence between the potential-energy coef-We applied these separate approaches to fit 594 measurements of pure

rotational and vibration–rotational transitions of LiH as follows. The pure ficients cj (or equivalent coefficients in other functions) and the leading
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TABLE 1 TABLE 2
Coefficients of Radial Functions and Other Molecular PropertiesValues of Parameters Ukl (m01 u[ (1/2)k/l ] ) , DLi,H

kl , and cj
a

of LiH X 1S/ , All Independent of Mass a

a Values enclosed in brackets are constrained; all parameters for which
no value appears are constrained to zero. The normalized standard deviation
ŝ of the fit of 594 data is 1.12, and the F value is 2.06 1 1015 .

term coefficients Ukl with l Å 0 and 1. Accordingly all values of DLi,H
kl in

Table 1 absorb the effects of Y (2)
kl and no further parameters U (2)

kl (1) need
be invoked. To estimate further values of cj based on zero values of coeffi-
cients Ukl beyond those Ukl with finite values in a set evaluated from avail-
able spectra is impracticable because the particular Ukl to yield an additional
coefficient cj must be chosen arbitrarily and inconsistent values of other
Ukl then result. For instance, with cj in a particular set up to j Å 6 in Table
1 or 2, when one tries to estimate c7 by setting to zero one of U4,1 , U3,3 ,
U2,5 , U1,7 or U0,9 , for LiH the range of consequent magnitudes of c7 exceeds
a factor 2, but for other molecules the range is much larger, and ranges of
values of any further coefficient cj expand rapidly.

Comparison (1) was made with results of Coxon (17) on similar spectral
data. Further tests reveal that printed values (17) of all parameters Re , cj ,
gLi,H

j (as tLi,H
j ) , and hLi,H

j (as uLi,H
j ) substituted in published expressions (6,

15) fail to reproduce the input data satisfactorily; the normalized standard
deviation ŝ is 106. For this reason, apart from the inaccurate parameters
previously reported (1) , graphical comparison (1) of potential-energy func-
tions with those of Coxon (17) would be meaningless. Such comparison
of radial functions must logically take into account the error in each function
propagated ultimately from errors of frequency measurements; by mistake
the previous comparison (1) was not effected in this way.
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